The term Bpatient centered,^Bpatient centric,^or Bpatient centricity^is increasingly used in the scientific literature in a wide variety of contexts. Generally, patient centric medicines are recognized as an essential contributor to healthy aging and the overall patient's quality of life and life expectancy. Besides the selection of the appropriate type of drug substance and strength for a particular indication in a particular patient, due attention must be paid that the pharmaceutical drug product design is also adequately addressing the particular patient's needs, i.e., assuring adequate patient adherence and the anticipate drug safety and effectiveness. Relevant pharmaceutical design aspects may e.g., involve the selection of the route of administration, the tablet size and shape, the ease of opening the package, the ability to read the user instruction, or the ability to follow the recommended (inuse) storage conditions. Currently, a harmonized definition on patient centric drug development/design has not yet been established. To stimulate scientific research and discussions and the consistent interpretation of test results, it is essential that such a definition is established. We have developed a first draft definition through various rounds of discussions within an interdisciplinary AAPS focus group of experts. This publication summarizes the outcomes and is intended to stimulate further discussions with all stakeholders towards a common definition of patient centric pharmaceutical drug product design that is useable across all disciplines involved.
INTRODUCTION
People are continuously at risk of developing acute or chronic diseases that can significantly affect their lives. While the prevalence of individual diseases changes over the course of life, the majority of diseases can occur at any life stage, either alone or in conjunction with other diseases (1) .
Over the past decade, tremendous progress has been made in understanding a wide range of diseases both at the genotype and phenotype levels (2) . The acquired knowledge has supported the introduction of new drug therapies to improve therapeutic outcomes as well as to tackle lifethreatening diseases for which no therapy previously existed. The overall increase in life expectancy due to advances in pharmacotherapy, hygienic measures, healthcare, and wealth contributes to an increase in the number and type of special patient populations (3) . Examples of these patients include the very old, frail and multi-morbid, the long-term cancer survivor, and the cognitively impaired (dementia). Analogous to the pediatric population, these special elderly patient populations will differ from the traditional adult population, e.g., with respect to their clinical presentation and physical, physiological, or psychological patterns. However, the collaboration and active participation of patients with common and special characteristics is one of the inevitable aspects to achieve safe and effective drug therapy and use, enabled not least by an appropriate design of the drug product.
The ability of patients to adhere to a recommended therapy may require specific skills and capabilities. When these skills and capabilities are not present, patients may alter their approach resulting in inappropriate drug use, improper administration, poor adherence, or discontinuation of medication therapy altogether. In some cases, these patients rely on support from caregivers to manage their medications. Generally, medication management becomes more demanding as the number of drug products, dosage forms, and dosing moments increases. This situation likely contributes to discrepancies in the safety and efficacy of a drug in Brealp atients after product launch relative to the safety and efficacy seen in well-controlled clinical trials. This potential discrepancy is not surprising when one considers that most randomized clinical trials (RCT) are focused on assessing the efficacy and safety profile of drugs used to treat chronic conditions in relatively homogeneous samples of patients that often exclude patients with relevant co-morbidities, disabilities, and impairments (4) . The estimation of risks and benefits of a drug treatment is therefore based on the average effects of treatments in these randomized patient populations, and is likely not inclusive of the variability in responsiveness to treatment and vulnerability to adverse effects of all patients and patient populations to whom the drug will be prescribed after approval. The resulting approved drug product may not provide the desired individual risk/benefit profile, and this risk must be considered in the overall therapeutic decision for the patient's acceptability of and success with a specific drug therapy (5, 6) .
Knowledge in pharmacology, pharmacodynamics, pharmacokinetics, and food and drug interactions has increased as well. Consequently, user instructions (product label, package insert, and summary of product characteristics) have become more precise regarding the intended use of drug products, e.g., target age groups, dosing regimens, in-use stability, and administration approaches. A therapeutic intervention of three or more drug products is generally characterized by the use of products for multiple conditions, with each requiring a specific dosing strategy. The scheduling of such strategies may be a highly demanding task affecting the risk for dosing and administration errors. This risk is increased when restrictions or special dosing requirements are present, be such a dosing with or without food. Moreover, patients with multi-morbidity and increased healthcare needs are also at higher risk of functional and cognitive impairments, further reducing their capability in managing complex tasks (7) (8) (9) .
The interface between the patient and each drug product within the holistic personal and environmental context is a critical factor in the patient's ability to follow the recommended use instructions and to realize the expected therapeutic outcome with the same risk of side effects. While the individual personal and environmental context varies from patient to patient, there are several known common traits in specific patient populations. The patient's skills, capabilities, co-morbidities, disabilities, or impairments can actually serve as predictors of potential medication problems and errors. For example, patients with significant manual dexterity impairments may not be able to break a tablet by hand (10, 11) or access medication in a package. Anticipating the patient characteristics of the target patient population and its subsets at the time of product design and initial development is likely to result in a drug product that addresses the needs of patients in the real world, resulting in an improved therapeutic outcome (12) .
The term Bpatient centricity^is currently used in a variety of different contexts, e.g., communication with patients through digital platforms, exchange forums, or marketing; as a reference to patient monitoring or support systems; and in the design and execution of clinical protocols or as a descriptive word for drug products designed to meet the specific needs of individual patients and patient populations.
The objective of this publication is to promote a discussion on the definition of patient centric pharmaceutical drug product design. The authors hope to identify and present key patient, disease state, and product attributes and discuss how these attributes can affect and influence patient-product interaction. The currently proposed definition may also serve further research aimed at providing guidance to pharmaceutical scientists on the characteristics of a patient centric drug product for a specific drug product and indication.
DEFINITION PROCESS
In order to develop a definition for Bpatient centric pharmaceutical drug product design,^a group of five experts from academia, industry and regulatory bodies, and the authors convened monthly and took a stepwise approach to develop a definition that should serve both scientific research and product development purposes.
Initial discussions revealed that several ambiguous terms were commonly used. Therefore, it was deemed necessary to align the precise meaning of these terms and words. The proposed definitions for these identified terms and words are summarized in Table I .
The term Bpatient centric pharmaceutical drug product design^consists of two distinct terms, Bpharmaceutical drug product design^and Bpatient centricity.^Therefore, it was deemed appropriate to first define these terms independently from each other. During the definition process of these terms, the boundaries of their definitions were clarified.
The discussions first focused on the most important and unique considerations and sought to create a short yet comprehensive one-sentence definition.
The combination of patient centricity and pharmaceutical drug product design leads to a more specific term, namely Bpatient centric pharmaceutical drug product design.^This term describes an approach that directly aligns product characteristics with patient characteristics for a therapeutic goal in a targeted patient population(s), and requires an appropriate definition that can be used consistently among key stakeholders. The definition also addresses the requirement that human (patient) characteristics are considered in the product design. In this sense, for example, a primary package closure system should not only fulfill its functional requirement of protecting the product against environmental contamination and ensuring product stability but also incorporate requirements such as being easy to open and reclose and/or facilitating accurate dose measurement by caregivers and/or patients with limited manual dexterity, grip strength, or visual capacity.
A thorough analysis was performed to detail these items for consideration. As the analysis revealed that the identified Bpatient needs^were either associated with patient-related characteristics or with drug product-related characteristics, these characteristics were captured as they were discussed.
PROPOSED DEFINITIONS
The proposed one-sentence definitions of the three most frequently used terms in the patient centric pharmaceuticals discussion are summarized in Table II. The term drug (medicine) is either used to refer to a singular therapeutic entity or as a general term for the portfolio of drug products from a specific company. The term (drug) product relates to a specific physical presentation of the drug by a specific company. The term entails the type of dosage form and its dose/strength/concentration and excipient composition relevant to product design of the dosage form's primary, secondary, and tertiary packaging; its mode of use and dosing frequency; any potential dosing devices or medical devices; user information (product label, patient information leaflet (PIL), summary of product characteristics (SmPC); product name and appearance, both unpacked and in its primary, secondary, or tertiary packaging; and any other product-or user-related authorized information that is delivered with the product or available in digital form through the internet. For the sake of clarity, the term drug product applies to newly developed, follow on, and generic products.
In Table III , the major product-and patient-related characteristics for consideration in a patient centric pharmaceutical drug product design and development process are summarized.
Based on the definitions of "pharmaceutical drug product" and Bpatient centricity,^a patient centric pharmaceutical drug product design spans from the basic concept of a pharmaceutical drug product to the effectiveness of the product in the hand of the patient and/or its caregivers. This drug product-patient interface includes elements that lead to the intended (re)action of the patients to use the product as intended and prevent medication non-adherence (intentional) and medication errors (unintentional). Patient centric pharmaceutical drug product design, therefore, cannot solely be based on scientific or technical theories but will have to Pharmaceutical drug product design
• The design of the comprehensive presentation of the therapeutic entity to the end user (patient/caregiver/ health care provider) including the type of dosage form; formulation; dose; dosing frequency; primary, secondary, and tertiary packaging; medical device; dosing devices; instructions for use (as in the SmPC/PIL/ product label); and other authority-approved patient support tools and programs. Patient centricity
• The recognition of the needs of an individual patient or distinct patient populations and their specific needs as the focal point in the overall design of a medicine including the targeted patients' physiological, physical, psychological, and social characteristics. Patient centric pharmaceutical drug product design
• The process of identifying the comprehensive needs of individuals or the target patient population and utilizing the identified needs to design pharmaceutical drug products that provide the best overall benefit to risk profile for that target patient population over the intended duration of treatment.
acknowledge the layperson's response to the product design. Therefore, testing the drug product design with the targeted patient population, within their personal health and environmental context, will be essential to developing high quality patient centric drug products. One approach to achieving this understanding would be to expand usability studies to the domiciliary setting and institutions such as schools, nurseries, etc. where appropriate. Alternatively, incorporating the ability to collect this information in the design of the clinical trial may be appropriate from certain patient populations and disease states. By utilizing the relevant patient and disease state characteristics as well as understanding the desired therapeutic outcomes, the product designer/developer can identify rational design drivers. These design drivers, which are derived from an intimate understanding of the target patient population, can then be associated with specific design outputs that are specific to the drug product to be developed. It should be noted that the drivers and associated patient needs may be addressed or affected by one or more product design elements so that a one-to-one relationship is unlikely. Frequently, conflict among design elements arises, and decisions must be made regarding the overall risk benefit impact a particular design element may bring. This approach to the pharmaceutical drug product design can be extremely valuable in the conceptual or design phase of a new product. Table IV illustrates the relationship between design inputs, drivers, and outputs.
From Table IV , it is evident that the design drivers and design inputs have to be derived from the targeted patient population. Comprehensive assessments (e.g., comprehensive geriatric assessments) are a key part in generating and prioritizing the patient population-specific design drivers and design inputs. This process requires the involvement of different healthcare professionals (e.g., physicians, nurses, caregivers, and pharmacists) in performing the assessment and identifying the most important and appropriate design outputs together with the concerned patient population (18) . For example, medicine M with active substance S is marketed by a company C as four drug products: an immediate release tablet 100 mg, 200 mg, 400 mg with a break mark, and an oral solution 20 mg/ml. The initial dose is 20 to 60 mg/day for children from birth up to 5 years of age; 100 mg/day for children from 5 years; and 200 mg once or twice daily for adults. The maintenance dose is 10-20 mg/kg in several doses for all patient populations. The maximum dose is 35 mg/kg/day for children up to 6 years, 100 mg/day for children from 6 years old and 1200 mg for adults, all in several doses. The four drug products enable all recommended doses. However, it can be questioned if the specific needs of individual patients are sufficiently addressed by this portfolio, as an older person with swallowing difficulties in need of the maximum dose would need to take 20-ml solution thrice daily. A solution with a higher strength or a multiparticulate formulation may further support the medicine's patient centric approach.
The oral solution is packed in a 100-ml brown glass bottle with a closure that can be attached to an oral syringe as the primary packaging. The solution is water-based. Besides the active substance S, it contains a sweetener, preservative, flavor, and colorant. The bottle is labeled and stored in a carton box as the secondary packaging. The label on the glass bottle and outer box each carries the main product information like name, drug substance, dose/strength/concentration, indication, expiry date, and storage condition. The detailed product information is captured in the PIL, and a paper version of the PIL is packed with the glass bottle in the outer carton box. The outer packaging does not include a dosing device. Pharmacists are held responsible for delivering a dosing device that allows accurate dosing of the individual patient's dose. Links to additional product information either through a web site of a bar code APP might be printed on the PIL or the box. Patients would benefit from information on the potential of tablet chewing, mixing, or crushing and the joint intake with food or drink as these approaches may avoid the intake of high volumes of the oral solution in patients with swallowing difficulties
The concept of patient centricity intends to consider all elements of product design affecting or addressing the specific needs of the target patient population. These elements can be derived from known patient characteristics including age, comorbidities, and functional limitations at the various stages of the disease. Even though the specific expression and progression of a given disease may vary among individual patients, the major disease effects, particularly at more advanced stages of a disease, are normally quite similar. Main effects are typically manifest in the sensory, motoric, cognitive, and psychological domains and present in a similar way. For example, cluster analysis provided evidence that patients with hypertension suffer most from heart failure, atrial fibrillation, and cerebrovascular disease, while patients with diabetes mellitus have a high likelihood for visual impairments and deafness as co-morbidity (13) . These predictable diseases and patient-specific characteristics can be leveraged to improve the drug product design by utilizing a Bpatient centricd evelopment approach.
DISCUSSION
The principles of patient centricity are being used in conjunction with and to augment various healthcare interventions dedicated to improving their effectiveness for patients. When considering the role of pharmacotherapy in healthcare interventions, it is evident that the patient-drug product interface is a critical part of the therapeutic process that might lead to medication non-adherence or medication errors (19) . To achieve the desired outcome, patient factors need to be considered and incorporated into the product design. For medical devices, human factor studies are now required to be incorporated into the development process to ensure the device is able to be effectively used by the patient or caregiver, and potential sources of use errors are minimized (20) . Drug products resulting from a Bpatient centric development approach^must aim to enhance the usability of the drug products supporting the medicine's safety, effectiveness, and quality over the entire target patient population.
The effective use of drug products over the course of treating a disease requires certain levels of disease understanding, therapeutic strategies, treatment requirements, and patient or caregiver capabilities. These levels of understanding and capability can be divided into skill-, rule-, and knowledge-based information, and task processing. The skill-based level refers to highly practiced and familiar tasks that require only very little attention and are to a great extent automatic behavior. The rule-based level requires some consciousness as the information or task has to be derived from a known rule that needs to be applied to the situation. In cases where the information or task is new and no rules can be applied, the task becomes knowledge-based, requiring a higher level of capability to manage the unfamiliar situation by identifying analogies with previous experience or use higher-level knowledge and feedback from the environment (21). While skill-based tasks are the lowest cognitive and functionally demanding tasks, they are sensitive to errors due to strong habitual processing, inappropriate reactions to changes as well as resistance to change. In contrast to this, knowledge-based tasks generate errors through excessive demand and stress, as well as lack of knowledge or awareness of the consequences. Errors occurring in skill-based tasks are mainly Bslips^or Blapses,^coming from a correct intention but a failure when carrying out the task, while Bmistakesâ rise from an incorrect intention leading to a wrong sequence of activities due to application of an inappropriate rule or lack of knowledge (22) . In the typical situation, many patients may need to take several drugs at the same moment, which raises the level of demand from skill-based to more rule-or knowledge-based tasks. With the varying health literacy of patients (23) , the effective delivery of the relevant product information to the patient is a critical part of a patient centric pharmaceutical drug product design and has to be looked at from different patient characteristics (24, 25) . The patient's general physician, medical doctor, pharmacist, nurse, or professional caregiver all play a key role in selecting the most suited pharmaceutical drug product to assure the optimal interaction between the patient and the product that ensures safe drug product administration and effective therapy. This includes an integral approach to formulation development, which also takes account of product access, reimbursement, etc. The prescription of patient centric products will have to take into account the concurrent use of other products to reduce the risk of confusion. Finally, frequent monitoring of the patient's behavior is required in order to provide essential and continuing education and assurance that the drug product is being used as intended.
The European Medicines Agency (EMA) defines a drug product as Ba pharmaceutical preparation in its container closure system, together with any measuring and administration device and the authorized written user instructions (SmPC section 6, package leaflet, product label).^This definition is extended by additional terms specifying the preparation as being Ba formulation in a particular strength/ concentration,^or in case of formulations for single use, the labeled container contents and a formulation as being Bthe composition of a particular dosage form.^Although not specified, the formulation also entails the product appearance. Furthermore, the EMA provides a definition of Bpharmaceutical design of a drug (medicine)^as Bthe composition, dosage form, route of administration, dosing frequency, packaging, measuring or administration device and the user instruction of a medicine.^The currently proposed definitions are in agreement with those of the EMA, yet they provide a stronger emphasis on the interaction between the patient and the drug product.
The closest regulatory definition combining product and patient aspects is the definition used for Bage appropriate paediatric drug (medicine)^which is Ba drug (medicine), whose pharmaceutical design makes it suitable for use in the target age group(s)^ (26) . This definition, however, focuses on the product usability. However, the definition does not make clear if the suitability of use would also relate to the entire patient-product interface that should assure the intended and correct use, including prevention of non-adherence (intentional) or medication errors (unintentional).
There is no clear definition for patient centricity even though the words are used in several contexts. The common theme is that patient centric means the involvement of the patient in the healthcare process. The FDA uses patient centricity as a term in conjunction with BPatient Reported Outcomes,^which aims to get patient feedback on the benefit to risk of a new drug substance in the development process and the perceived value for the patient (27) . The definition proposed by the authors puts patient centricity in the context of the pharmaceutical drug product design, through the direct involvement of the patients in the conceptual phase of the development of the drug and the re-evaluation of the drug's pharmaceutical design during the marketing phase for potential product enhancements during the product life cycle.
In principle, the development of a patient centric drug product may follow similar processes as being used for the development of medical devices or healthcare environments (28, 29) . This would include a user and use environment profiling, cognitive walkthrough and task analysis, risk analysis as well as usability testing in the concerned patient population. The process targets to identify product-related sources of medication errors or issues that would have an impact on drug product safety and effectiveness. For example, a drug product that needs to be taken in the fasted state at least half an hour before breakfast has a high likelihood in certain patients to be taken after breakfast along with the other medications unless the drug product is designed in a way that Bforces^patients to an administration before breakfast. Valuable information on product characteristics and how they relate to the patient-product interaction can be generated from other methodologies applied during drug product design and development. Leveraging information from product design studies incorporating multiple prototypes, as well as subsequent usability and human factors studies will undoubtedly result in improved products for patients and caregivers. Patient-reported outcome (PRO) studies, aiming to capture patient feedback on the perception and experience with a drug treatment in the relevant disease (30, 31) is an emerging area of focus that will increasingly provide greater insight into product design. Ethnography (32) and ergonomic research (33) are other tools that can be used during the development of pharmaceutical products. The consumer healthcare industry has a tradition in involving consumers and patients in the drug product development process through patient testing and consumer surveys (34) , and the consumer industry in general has introduced Bdesign thinking^as a process to better address the consumer needs in product design (35, 15) . Technical specifications and standards exist for testing the ease of opening of consumer packaging (CEN/TS 15945) or child resistance (ISO 8317:2015) that provide useful insight into usability aspects. For pharmaceutical applications, traditional customer centric approaches may need to be adapted to provide greater relevance to the specific needs of the patient population for a given product. Additional valid methods are required and might be developed based in the existing methods and the learnings from other industries to provide the necessary comparison between and evidence for patient centric drug product design.
This approach to achieving a patient centric pharmaceutical drug product design is also in agreement with the principles used for establishing patient safety in healthcare environment (36) , and FDA's quality by design approach for enhanced product and process understanding leading to the development of pre-defined drug products with desired therapeutic outcomes (12) . US FDA has long recognized that quality cannot be tested into compliance of a drug product, and the drug product needs to have a well-defined target product profile with specific patient need documentation ahead of product development. This strategy ensures that the drug product and process are well understood to consistently deliver the pre-defined performance to the specific patient population. Therefore, the regulatory precedence for patient centric dosage forms is in place, although it is not well defined and promoted. One such example of a patient centric dosage forms for geriatric use is the approval of 3D printed Spritam® tablet dosage forms that are designed for easy swallowability of even up to 1250-mg dose of levetiracetam. This drug product was approved by US FDA in August 2015. Spritam® tablets disintegrate within seconds when taken with a sip of water, to provide medication in an easily swallowable mass in the mouth of geriatric patients, or even other patients that have difficulty in swallowing. Taking into account that expressions of many age-and diseaserelated design drivers and design inputs are similar, it can be hypothesized that the design outputs will serve several patient populations as well as not exclude any patients with less severe expressions. This means that patient centric pharmaceutical drug product design will become self-evident, make the products more universal, and eventually, provide improved standards. These expected outcomes will lead to enlarged rather than restricted patient populations that benefit from such patient centric design.
It should be noted that patient centricity might also include quality aspects mainly required for industrial and regulatory purposes, but that may not be a direct need for the patient. For example, a 2-5-year stability of the drug product is commonly targeted to assure the industrial supply chain and hence patient access to the drug product. However, a patient would only require product stability during the time of product receipt and treatment duration, which is normally no longer than 3 months for in-use conditions. In this respect, a long shelf life remains primarily a supply chain need and not a direct need of the patient even though the patient might benefit indirectly from a long shelf life.
CONCLUSION
Drug products are becoming increasingly diverse whereas the therapeutic dosing regimens that have to be adopted by the main users of drugs may become rather complex. In order to adequately address medication management in future drug therapies, the interface between a drug product and an individual patient has to be considered a critical part of product quality and an important condition to the drug's intended use and hence its benefit to risk profile. A patient centric drug product aims to reduce medication errors while improving the medicine's effectiveness through a usercentered product design of the portfolio of drug products that is based on a prediction and subsequent evaluation of the interface of the patient or caregiver with the product that is mainly intended to serve the needs of this patient. For the future scientific research in this area, it is important to have a clear definition of patient centric pharmaceutical drug product design and its implementation in drug product development. The current publication can be used as a basis for further discussions among the relevant stakeholders. It may further highlight the need to better inform patients, caregivers, and healthcare professionals on the characteristics of the drug products in the overall drug portfolio and the advantages and disadvantages associated with the use of any such product.
